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ABSTRACT ' ~

Approximately 700 Mexican Amenican and Anglo sttdents
in grades 9, 10, and 11, who were identified as having superior
mathematical ability, were surveyed to identify the- factors affecting
mathematics participation, determiné the relative importance of these .
factors, and determine their stability over. time. Five variables were
studied: cognitive style, alienation, language environment,

\ acculturation, and locus of control. Dependent variables were planned
participation in high' school mathematics and grades achieved in math
classes. Students were given the Math-Related Decision Instrument,
which measured' the influential decision facYors and the degree of
influence’ of each variable; and the Group Embedded Figures Test,
which determined cognitive style. Two-way analyses of variance were
used to determine if sex or.ethnicity affected thg score obtained on
the cognitive style measure' or the number of math courses a student ,

| planned to take in high school. Findings indicated that cognitive °
style was significantly related to both planned math participation
and grades in mathematics; the more alienated a ‘student felt the .
fewer math courses were planned; sex was a determining factor in a
student's planned mathematics participation while ethnicity was not;
and locus of control significantly affected the number of math

. courses a student planned to take. (NQA) .
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Factors Influencing Mathemafics Participation

of Highly Able Mexican American Adolescents

A review of the literature supports the current belief that
underrepresentation of Mexican American students#*in mathematics-
related majors is indeed a problem of.national concern. Educational

kesearch in America, 1975, indicated that although in 1974 approxi-

mafe]y 5.2% of the U.S. population was Mexican American, less than
.6% of the total doctorates awarded iﬁ the'mathematical sciences
went ' to thiﬂ%ethnicxgroup. '

The Office of Communication Services, National Association of
State Universities and Land Grant Colleges, reported in April 1979
that of the undergraduates enrolled during the Fall of 1978 on]}

2.2% were Hjspgﬂic. _Eﬂﬁfﬁﬁﬁf only 1.5% of .the graduate student
population was_Hispan{c. Another publication (Glover, 1979) reported
that minoritjes are grossly underrepresented 1n‘the field of engin-
eerfng. In 1974, Spanish surnamed students made up 1.5% ofthe
engihegring éraduates but 5.2% of the general population.

%he siudeqt population gt Arizona State University during the

Fall 1979 semester numbered 37,755. OFf this énro]]ment only 4.2%

was Hispanic while Hispanics comprise 18.7% of the total population

L3

.in-the State of Arizona. . .
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Arizona State University is not‘unique in its 1act of math-
, science Mexican American” students. Preparation for professionat ) \
careers in mathematics and the physical sciences is, on‘the whole, ¢
. open only to those college students who pursued the sustained study
of these subjects in secondary scnool. Lack of advanced high school ‘ \

. ‘ % \

mathematics preparation constra1ns many future educational and '
égyzﬁupat1ona1 choices. It is, thgrefore, the intent of this study

to investigate/t#: cognitive, affective, educational, and social
determinants of one's decisjon to take dr not to take mathematics
courses, to trace the’deve1opment of the detision to avoid or parti-\ \

r ,
; :

cipate, and to test the stability of the significance of the influ- ,
'encing factors over time. Results from the study will include o

) suggestions for future interventions“that will divert a greater -
port1on of this m1nor1ty group 1nto the creation and d1ssem1nat1on ) ,

‘ of‘§c1ent1f1c knowledge. { (

The survey approach is part1cu1ar1y appropriate for a baseline . T

study in an area as comp]ex as Mexican Amer1can pers1stence in ~
advanced mathemat1cs where the diversity of factors and the1r rela~

\ . tionships may sugqgest many possmb]e exo]anat1ons Prev1ous studyes

-

v . dealing with women and mathemat1cs show as lack of agreement regarding .

the significance of suggested yar1ab1es on part1c1oat1on ,Studies - : .

pertaining to other m1nor1t1e;/100ked at only a few variables at a

T e . 5 . T -
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t4me and most sample sizes were small resulting in a lack of

-
-t

statistical power, A large scale survey such as that used in thié ; -
study (700 students) is 'one way to avoid problems produced by ‘
earlier }imited samp]eé\’ Thus, a major significance of this study
will be in determining tﬁé dégree to which each of the possible
variab]es\%ffect Mexican American students' decisions to pursue
advanced mathematics courses\in high gchool.
The Problem

This study addresses a problem of national concern: under-
representation of Mexican Americané in math related college majors. Jr
The purpose of the research stbdy is to investigate the cognitive,
gffective and social variables re]ated'to ihe development of interest,

self-confidence and persistencé in mathematics and mathematically

related careers. Several factors are béing studied %nc]uding per-

/

ceived influences of home, school and significant others. Additionally,
) cu]tura]‘!y unique traits such as language env1ronment, ahenatmn
,value orientation and cognitive style are also be1ng 1nvest1gated
A review‘of the 11ter§ture suggests the fo]]owing general
questions:
What Qariab]es constrict student's math-related career

decisions? ' -

What~is the degree of influence of these variahles?’

over time? ) (/

Are the variables and the degree of influence stable
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The team of investigators--a mathematics educator,” a mathema-

f . {

tician, and a‘social §cientisﬁ-:hévg developed and field fested the

L@
instrument, to be used in this study.

. L S . .
The Math-Related Decision Instrument is designed to measure
0 w N

which of the possible decision factors are indeed influential in

the student's decision £o persist in mathematics at ihe {ime of

administration. Further, tﬁe instrument measures the degree of

" »
influence of each, variable using in most cases a 5 point Likert ,%%

type scale. = | ¢ co .

. ‘ .
y After reviewing the litérature the following categories of

. - ! L T *
variables vere tested: .

- S
1. Career related variables, .
2. _Attitudes relating to math and self,
3 -PeYcéptfons of mathematics,
4, Parenta]igftipudes, ‘ o
5. ) Significant otherss ’ Cot
K6f \Demographic_variab1es, ‘
7., Cognitive style,

8.. Lanpguage environment,
/

9. Agculturation, ' (,) :
'b{ Lo 1

“10. A1ieq§Eion, . | ’ . -
¢ 1L, Value orientatian,‘and B s

12.‘;Locus of cont;b1. ’ s




L} ' -7 = »
” . .. N N - . )
. : : A 2

* Factors Influencing. _ .
. 6 )
Several resources were’used to construct £hjs instrument -. -
\ " including the Fenneﬁa-Shefmap Mthemﬁtﬁcs Attitude Scale (1976)
‘ which has Been modifi%d by Armstrong (1979) apd the‘various career ' )
related instruments. The instrument was édministered.at thefbegiﬁ-
ning of the 1981-82 schoal-year, | B \ L
The Group Embedded Figuﬁe; Test was used to.determine cogn{tive
stvle. The vers1on is that adopted by the Nat1ona1‘t0ng1tud7/ﬁ3 ‘!
Study of Hathemat1cs Abilities (NLSVA) from the Educational Tesf1ng
Service origina] (French, Ekstuem, and Price, 1963)i t :
. In addition to the-study survey; a select subsample of parents
is being interviewed. These are evenly spl{t‘betwéén&(l) those
- with-high ability and pursuing matheﬁatics apd (2) those w%th‘high . ‘ -
ability and ayoiding mathematic$. These clinical interviews wi]]j

serve as (1) a cross check for the student questionnaire and (2) a <

g
b

o

source of additional'culturally re]évant information, -

/

Description -of Sample . ; ) '

~ Upth completion of field testing and validation of the instru-

\ ment, the Pandom sample was chosen. Many Mex’ican American students _
who have high math ability dec1de to avo1d the subJect-and thus Wock
\ T .
themselves out of profess1ons and.tareers that are math related.

For this reason, the sample consisted of approx1mate1/1115 Mexican-
American studedts in each of grades 9, 10, and 11 wﬁalwere identified . ‘

as haviqg superior mathematical ability baséd'pn d standardized

+

LN

*

- * b ' . »
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. achievement test (CAT). This test was administened by the state
“to all Students in BApril 1981. Add1t1ona111, a matched comparison
- (: group of Anglo students was se]ected using the same criteria meking
\ | a total of about 700 students across the séate to be tested. )
Procedure " ? = &
The survey was administered to 241 700 skudeﬁts by %he middle
of November 1981. In total 31 schools in i8 school districts around
the state were involved. o
All stu@ent§ selected at a school were brbught together in a =
central location anq given the GEFT followed by the suryvey. Both
instruments took approximately 90 minutes in total. _In order to
avoid biased inte}view responses,’ the subjects were not told Ehe
actual purpose of the s%udy. They were asked to respond honestly
to the‘qeestions in order that we migh% make some decisions that
[ N would 1mor0ve schools for all students’in Ar1zona

-, Theoret1ca1 Basis and Statistical Procedures

Upon co]]ect1on of the data, apnropriate path ané]ysis techni; ’ *
ques are being used to test the degree of influence of decision ‘ ‘
reiated variables. Add1e1ona11y, abpropriate correlations are
being applied to test for sjgnificamt relationships between influen-
£1%1 facf0r§ and decisions that are made The path model will be
employed to determind the cqiua}§1nks between the s1gn1f1cant

variables which would lead to
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the subjects in pursuing a career in. mathematics. Upon comp]ggion

of data analysis specific recommendations €or educational decisiop 1 v

. . . . . . LT . ' {
making and implications for intervention strategies will be evident.

* - Preliminary Results . ' . A

®

Five of the twelve independent va#iab1es will 'be discussed if -
" this sections: T . :
1. Cognitdive Style, P : 3
T2 Langyage Environment,
3 Acculturation,
' T4, “Alieh;tion, ’ '
Y .5: Locus of Control. i
' these were chosen because th?y are of major jmportante in the
literature dealing with Mexican American students and school in
general., Pearson'corfe1ations were applied to tﬁé independent
. variables and the twp dependent variables:, (i)’number of years of

\ e
planned math participation and (2), grades in math courses.

»

€

Three correlations reached the required level of significance, | ’
p < .05 (see Table 1). Cognitive style was significantly related to
both planned math particioation (r = 0.09}2;>p =-0.006) and grades
in mathemafics (r.= - 0.1517, p = 3.001). The negative correlation o
is due to a coding effect in which a ]owe% grade was given a higher
score. It appears at this point in %he analysis that the more."}ield

independent" the student is the more math courses he bfﬁns to take

and the better his grades will be: ' .

-
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Table 1 | . ,

Correlations Between Planned Maih Courses,

Grades in Mathematics and Selected Study Variebles

’

. Planned lath Courses ‘Grades o ‘ /
. Alienation . - 0.0701 - 0.0148 . |
p = (.035* p = 0.351 '
. Locus of Control 08588 0.0050
. p = 0.065 p = 0.449
language Environment 0.0087 j 0.0469
; p.= 0.412 ' p=0.113
Cognitive Style | 0.0977 ©-0a511 ;‘
p = 0.006* p = 0.000% o
Acculturation : - 0.0017 0.0464
, ' p = 0.489 p = 0.116

'
3 . 3
.

L]

* Attained criterion Jevel of significante

“~

lﬁdditiohallyg a]ienation was found to be significantly related ¥
to the number of courses a SLUdént plans to take (r = - 0.0701, “
= 0.035) The nedative correlat1on suqgests that the more a?ﬁenated
@ student feels the fewer math courses he plans to take. Signifi- . . ~
cance did not occur in the other seven tests. Language environment,
acculturgtion, and: Tocus of control were ng;/?bund %b be signifi-

cantly related to math participation or grades achieved. Locus of

contral, houever, tended toward the acceptable 1eve1 o?°s1gn1f1cance

in re1at1onsh1p to planned math courses.
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. A two-way analysis of variance was used to determine if sex or
ethnicity make a difference M the score obtained on the cognitive ,
. . & .

- style measure., The resultant values are shown in Table 2. Based

s on thi; test it appears that performance on a cognitive spy]e test
is affected H ?oth sex and ethnicity but the interaction effect .‘\
is not significant. ' ) ) | .
| . _ Table 2

L

¢ . . ANOVA, Cognitive Style by Sex and Ethniciﬁy

Source SS df M_S F p
‘ S (sex) ' 103.935 7 1 103:935 5,488 0.09* ’
E (ethnicity) 77151 1 77051 4.074  0.084% .
sE 7. 0.3 - 20.435  1.07° 0.299
* Attgined criterion Tevel of significance ) S o . . -

Ud
-

A second two-way analvsis of.variance was applied to determine

- -

if sex or ethnicity make a difference on the number of math koUrses .

a student plans to take in,high sc¢hool. From Table 3 it-should be

a " ha

5 .noted‘that sex significantly affe€ied the number of mdth courses
13 ¢ ) R Il
planned but ethnicity and the interagtion 4id not. . ' '
| , 3 . ¢
..’ 1




N

<R . _\ . ) e
“Factors Influencing - N

- N

‘ o Table 3
‘ : 3
> _ PNOYA, Planned Math Courses by Sex and Ethnicity

- Source, SS - gi S F ) L

&

S (ﬁ?x)~' n 4.414 1 4.414 5.456 0.019%
E (ethnicity) 0.014 - 1 0014 0017  0.89
SxE 1,437 1437 ' 178 0182
- " * Attained criterion level of siénificance ',
R I _ ] . Ng

. Based on=the above findings, the investigators decided to use
analysis of povafiance measures on the data for" the purpose 6?
determining possible effects of cognitive style, Tocus of cont#gl - |
and alienation when usin& sex and ethnicity as covariates. Four .

of the six tests showed significance at the p < .05 level.

Table 4 ' . ’
ANCOVA, Grades in Mathematics by Sex and Ethnicity - ¢
\/ . ‘With Cognitive Style®

v
Source ss ‘df s F . - p

Cognitive Style 7.944 1 - 7.944  15.910 0.000%
'S (sex) -~ 0.089 1 .0.059 0.117 0.732

E (ethnicity) 0.335 1 0.835 1.672  0.19

-

SxE . 0.001 .7 0.001 0.002 0.961

* ttained criterion level Jf significance
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From TLbTe 4 is should be nOged that cognitive style apoears

g

to be significant while heither sex nor ethnieity reached *he

’

¢ ’ ‘ criterion level. Th1s f1nd1ng suggests that cogn1t1ve sty]e did
' have an effect on the grades attained in mathemat1cs c]asses /
——

Further, this d1fference occurred regardless of sex or ethn1c1ty.

R The f%ndings were different, however, when nurber of planned
) v . i . «
mathematics courses was the dependent -variable (see'Tabld 5). The - o

. - [
statistical tests showed that cognitive style made a.difference im _

the nurber of math courses a tudent planned to téks in high scheol.
i » .

Additionally, the sex of the student also had a significant effect. !!, Jﬁ\\nm~

A

P/‘_J Table 5 ) ' f
. ANCOVA, Planned Math Courses by.Sex agd Ethnicity
-, With'Cognitive Style .
Srce . SS df . IS Eo.
Cognitive Style 4,085 1 4.085  5.102 0.024% )
S (sex). < 3.691 1 3.601 . 4.610 0.032% -
E (ethnicity) " 9070 1 0.070. 0087 0768 °
SxE .. 1263 1 1263 1577 0.210

. * Attained criterion level of sigrificance

¥

v

Locus of control significantly affected the number of math °

.\( courf?g“ﬂ gtudent planned to take (see Table 6). The sex of thg '
studen£ also made a difference.but the effect of éthnipity was not ’
o significant. ‘ -
- ‘ .Y °
. . . . )
IERJ?:‘ X . 13 : o v




" * Attained criterion level of significance
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Table 6
— - . 4
) ANCOVA; P]anqed Math Colrses by Sex and Ethnicity p
With Locus of Gontrol.

L_d o , B .

Source : . SS df . MS F s P
Locus of Contral 3.713 1 - 3713 7 4,646 0.032%
S (sex) AV ' 5.174 -+ 6.474 0.011%

" E (ethmicity) 0.016 1 0.016 0.020 0.886
S xE 1.250 1 1.250 1.564 0.212.

i

The fourth area of significance was that of alienation. The
degree of a]ienétiop a student felt had no effect on attained grades
-in mathemafics but Téiﬂid have a significant effect on the number
of math courses a student planned fo take. The results are shown
in Table 7. It.§h0u1q be' nowted, *also, -that once again sex had a.

significant effect but ethnicity did not.

@

I
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] Table 7 '
~ fANCOVA,‘P1anﬁed‘Mth‘Coqrses by Sex and Ethnitity
. ) With Alienation™ ‘ |
| Swrce S8 of B F p
oAHenat’io'n T | taw  osoaes @Q.oza*\
S (sex) R VA 4414 5519 0.019%
'E (ethnicity)  0.014 ] 0.014°  0.017 0.89
S x E 1.172 ] a2 e 0.207

* Attained criterion level of significance

Discussion '
The purpoge of this study is to identify’the factors aff;cting ,
mathematics partticipation, deggrmine the relative importance of
these factors and determine their §tabi1ity over time. At this
point, analysis has begun on five of the twelve study variables:
cognitive style, a]ienati;n, ]anguage'envifﬁnment, atculturation
and locus oflbontro1. Planned participation in high school mathe-
mat1c§\and drades achieved in math classes have been used as
dépendent variables. .

~ Planned Participation

Planned mathematics participatiaﬁ'refers to the/pumbereof years
of mathematics a student plans to take while in his four years of

high schoel. In the analysis of variance test, sex was found to be’

(A
[N
<l
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a determining factor while ethnicity wasvnot.' The difference found

Y 3
in g)anned course $akihg always favored males. It should be noted,
! A
. + canik

however, that Qo signiticant interaction existed between sex and

ethnicity which Suggests that girls in general nlan to take fewer

A ¢

courses than thefr ma1e counterparts. Mexican Americans and Angios
\

‘seened to be equally opt1m1st1c ‘about how much high sé%oo] math

they shou]d take.

-The “Group Embedded Figures Tes ' was used to deteriine cogni-

" tive style. In.thg analysis of vapfiance tést the score (1, - 18)

attathed on the GEFT was direct effected by both sex and ethnicity.

The interaction, however, was not significant. These results indicate
that fermales scored Jower than males and Mexican Americans scored

. -~ . . r
Tovier than Anglos. A Tlower score indicates a more field dependent

style of learning. §1n;é no significant interaction existed it can
"be assumed that no internal hierdrchy occurred.
., The analysis of covariance test using cognitive style while
. er.

contralling for sex and ethnicity resulted in cognitive style and

sex being sign{fican% factors'while ethnicity was not. The implica-
. . ‘ / .
. tion, therefore, is- that "field dependent" learners plan to take

fewer math coursésifhan field independent learners. Further,

"field deﬁeﬁdent" éémd]es'plan to take fewer number of math classes

than any other ca%ZEO;y. Both f?ndings suggest that cognitive -

style may be a eﬁUg%é] factor in thgﬁdecision to avoid or persist in
: . i

»

mathematics., P -

(«-“

eaf | 16




I - . Factors Influencing :
. ’ 2 .- .' . _“ . ) ]6 \
. \ Two other Jﬁr1ab1es'sh0\§d s1gn1f1cance in their effects on

p]anned math participation.: Locus of contr01 was one and alienation

e

was the second. Interna] Externa] locus of control refers to the
- extent to whiéh~persons‘perceive a connection between their actions o
and the outcoyes. A high infernal score is associated with a goal-
ogiented ach}evement conscious indi&idua]. The motivation for
action comes=from within, Thé analysis of £ovariance test indicated
>
A i

" that \students with an eiéernal Tocus of control nlanned to take

fewer math courses than those who were ‘internal. Additionally,
¥ , -

/fema]eé;gﬁth an external iQEEE/dﬁ\gontrb1 nlanned to take Iifs t
courses than any other group. This variable, however, ‘did not
significantly, effect Mexican American students. . .

Alienation %s defined as a feeling of "apartness\from society"
and "powerlessness”. The statistical tests reveal that those
students with .a high degree of alienation planned to take fewer d
:icourses than thoFe who feel more a part’pf society. Further, highly
a]f?nated femalés are thealeagt optimistic about thg number of

math courses they might take. &XL
. ! 8

Grades im Mathematics

Cognitive stylgfis the only variable that proved to be a
significant factor in determifiing differences in grades among the

samb]e. Neither sex nor ethnicity played any part in this outcore.

This result suggests that field dependent learners tend to get

-
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“lower grades in mathematics regardless of.sex or %thnicity.

s »
S e ——

Additiona]]y, we know from the previous analysis that fema]es‘,
tend to be more field-dependent and .plan ta take fewer math . X
courses, but once they are iﬁ the courses sex does not effect

grades,

~

In summary, the factors influencing participation in mathema- . yoo!
¢ s

\“ M -
©  “tics are -numerous and complex. Re§hng reported here are prelim-

inary at be§t. Many additional statistical tests are needeq

- Ps

before final cohc]usjons can be made. It appears, however, that

" \ sex differéences sti]]iienmins at underlying thread throughout the
/ K variab1e§ studied here. Further, cognitive style is of major ¢ ’
importance and ﬁeedQ\intensive analysis. Its effects are’signif}-

. cant on planped participétion’and grades as 3&11 as itself being

'Q affected by sex and ethnicity. Alienation and locus of control ’
| ' appear to be of some impoctance and will .so be given deeper !
"L analysis. It is 1mportan% to note.;FE?"Ezithis point most of_the
e factors whiih seem to affect,participat%on are the same for Mexican

Americans and Anglos.
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